(1976) considered a pasture ready for grazing when weeping lovegrass regrowth was between 30 and 40 cm tall and recommended that pasture rest periods not exceed 40 days.
Evaluation of this forage management strategy has focused on animal weight gains and herbage yield and quality. Information on the influence of clipping, fertilization, and variations in water availability on root mass and water-use efficiency is needed to more completely assess management efficacy. Therefore, the objective of this study was to determine how clipping, fertilization, and frequency of watering influence herbage dry matter yield, crude protein yield, water-use efficiency, and root mass of individual 'Ermelo' weeping lovegrass plants.
Methods
This experiment was designed to simulate the short duration grazing strategy outlined by Dahl and Cotter (1984) to improve weeping lovegrass quantity, quality, and utilization by livestock. To assess root mass response to clipping, fertilization, and watering, treatments were imposed on containerized weeping lovegrass growing in a field environment. Clipping was deemed an appropriate method to simulate the rapid removal of forage by livestock in a short duration grazing program.
During On 28 April 1983 all plants were clipped to a 10-cm stubble height. At this time, 20 tubes were excavated to determine aboveground and belowground plant mass before treatment. Plants were removed from the tubes, placed on a 0.5 mm mesh screen, and the soil was washed from the roots. Washed plants were oven-dried, stubble and roots were separated, and weighed. On 29 April 1983, 168 randomly selected tubes were each fertilized (F) with 3.8 g NH4NO3 and 3.0 g KH2PO4, comparable to a broadcast fertilizer application of 70-34-44 kg N-P-K/ ha.
Watering treatments started on 12 May 1983 and ended 22 October 1983. Ninety-eight of the fertilized tubes and 84 unfertilized tubes were watered to field capacity (-0.01 MPa) every 7 days (WET) while remaining tubes were watered to field capacity at 14-day intervals (DRY). Soil samples were collected from 4 tubes per treatment combination 24 hr before each watering event, oven dried at 1050 C, and weighed. Volume of water to be applied was determined by comparing the average water content of the soil within the tubes with a water retention curve developed from the soil. To lessen disturbance caused by soil removal, only 2 cores (25-cm length X 19-mm diam) were taken from any tube during the experiment. Soil removed during sampling was replaced with oven dried loamy sand that had been passed through a 0.5 mm mesh screen.
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This article is a U.S. government work, and is not subject to copyright in the United States. Clipping treatments occurred between 29 April and 15 September 1983. Half the weeping lovegrass within each fertilization by watering frequency treatment combination were clipped (C) to a 10-cm stubble height when regrowth height reached 40 cm. At each herbage harvest, 7 tubes containing clipped plants were randomly selected and excavated. Another 7 tubes containing similarly fertilized and watered plants that had not been clipped were randomly selected, herbage removed to a 10-cm stubble height, and excavated. Excavated plants were washed and prepared as indicated above. The herbage (aboveground plant portion less the stubble) was oven dried at 600 C for 48 hr, and weighed. Herbage samples were ground in a Wiley mill and analyzed for crude protein content (CP) using the microkjeldahl procedure to determine nitrogen (N) content (CP = % N X 6.25) (Anonymous 1960). In anticipation that WET-F-and WET-treated plants would grow more rapidly and be harvested more frequently than DRY-F-or DRY-treated plants, more tubes were allocated to the WET-F and WET treatments to ensure that a sufficient number were available for excavation at each harvest date.
The experiment was arranged as a 23 factorial (2 levels of each of the 3 factors: clipping, fertilization, and watering frequency) in a completely random design. A final harvest and excavation of plants within 7 tubes per treatment combination occurred at the end of the experiment on 15 March 1984. Therefore, analysis of variance procedure for a factorial experiment was used to evaluate cumulative herbage dry matter yield, crude protein yield, and water-use efficiency over the period of the experiment and root mass present at the end of the experiment. Treatment means were compared at the 0.05 level of probability using Tukey's wprocedure (Ott 1977) .
Cumulative herbage dry matter yield was obtained for clipped plants by summing amount of harvested herbage obtained at each sampling date and for unclipped plants by summing the net increase in yield across consecutive herbage harvest events. Cumulative crude protein yield was calculated by multiplying the crude protein content of the herbage by the herbage dry matter yield at each sampling date and summed across sampling dates. Cumulative water-use efficiency of the herbage was calculated by dividing the cumulative herbage dry matter yield by volume of water added during the growing season less the volume of water remaining in the soil at the end of the growing season (22 October 1983). Volume of water added to the tubes was determined by summing the volumes added during watering and naturally occurring precipitation events (Fig. 1) . Comparisons of cumulative aboveground weight (stubble and herbage combined) and root mass at each sampling date during the growing season were made between clipped and unclipped plants within fertilization and watering treatment combinations using Student's t-test (Ott 1977) . Cumulative aboveground weight was obtained by combining cumulative herbage and stubble dry matter yield estimates at each harvest date. Cumulative stubble yield was determined for plants by summing the net increase in stubble yield from 1 harvest event to the next.
Results and Discussion
Weeping lovegrass herbage and aboveground yield were enhanced by clipping, fertilization, and frequent watering. Within watering treatments, herbage yield of fertilized and clipped plants was greater than that of other plants (Table 1) . From May to September 1983, WET-F-treated plants produced sufficient regrowth for 6 herbage harvest events while remaining plants were only harvested 4 times (Fig. 2) Frequency of herbage harvest and average time interval between harvests may explain the observed decline in root mass of WET-Ftreated weeping lovegrass as compared to WET-, DRY-F-, and DRY-treated plants (Fig. 2) . The time interval between clipping events occurring after 1 June was relatively short (average of 24 days) and may not have been of sufficient length for plants to recuperate from clipping. In contrast, WET-, DRY-F, and DRYtreated plants were only harvested 3 times and average clipping intervals after 1 June were 32, 32, and 35 days, respectively. This supports Younger (1972) , who reported root mass reduction of selected grasses increased with defoliation frequency.
The WET-F treatment simulates optimum growing conditions, when nutrients and water are available throughout the growing season, which rarely occur on sandy pastures in the southern Great Plains. Under typical pasture conditions it is unlikely that weeping lovegrass would provide sufficient regrowth for 6 harvests during a single growing season. In contrast, the DRY treatment, where water was provided less frequently, probably approximates field conditions more closely than the WET treatment.
Decreases in root mass of WET-F-C-treated plants during early to mid-summer may result from root death caused by defoliation (Fig. 2) . In this study, root mortality was not quantified because of the difficulty in separating live and dead roots. However, loss of dead and decomposing roots during washing procedures could account for observed reductions in root mass. Others have determined that root mortality increased following frequent and severe defoliation (Harradine and Whalley 1981, Hodgkinson and Baas Becking 1977).
Weeping lovegrass root and shoot growth occurred concurrently from May through early June, regardless of clipping (Fig. 2) . However, depending on treatment, root growth slowed or root mass actually declined during July and increased through late August into September. Despite confinement of weeping lovegrass roots in a relatively small volume (about 30 liters), the pattern of root growth generally agreed with root studies conducted by Shoop (1977) in a rhizotron containing a much larger soil volume. Additional comparisons regarding weeping lovegrass response to defoliation between this and Shoop's (1977) experiments are difficult to make because of differences in clipping heights and frequencies and methods used to measure root growth.
Clipped and fertilized weeping lovegrass were about twice as water-use efficient as unclipped or unfertilized plants (Table 1) 
